SYSTEM AND METHOD FOR THREE DIMENSIONAL MODEL PRINTING 

FIELD OF THE INVENTION 

Thia present invention relates to three-dimensional (3-D) modeling in 
general and to a system and a method for 3-D printing of complex structures in 
g particular. 

BACKGROUND OF THE INVENTION 

3-D printing, which worte by building parts in layers, is a process used for 
the building up of 3-D models. 3-D printing is relatively speedy and flexible 
allowing for the production of prototype parts and tooling diiectly from a CAD 

10 model, for example. 

Using 3-D printing enables the manufacturer to obtain a full 3-D model of 
any proposed product before tooling thereby possibly substantially reducing the 
cost of tooling and loading to a better synchronization between design and 
manufacturing. A lower product cost and improved product quality can also be 

is obtained. 

Various systems have been developed for computerized 3-D printing. 
Known systems include a system developed by 3-D Systems Inc. of California, 
USA. which operates on the basis of stereo-lithography wherein a focused 
ultra-violet laser Is scanned ove. the top of a bath of photopolyrnerizable liquid 
20 polymer plastic material. The surface of the bath is polymerized on contact with 
the UV laser creating a solid plastic layer at or just below the surface 

US Patent No. b.387,380 to Cima et al. describes a technique for 
providing layered parts by depositing a layer of powder material and then 
depositing a binder material in selected regions to produce a layer of bonded 
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powder material at the selected regions. These steps are repeated for successive 
layers to form a desired component. Following Heat treatment, unbound powder is 
removed, leaving The fabricated part. 

US Patent No. 5,287,435 to Cohen et al describes apparatus for producing 
5 3-D models which includes apparatus for depositing layer-by-layer, a 
photopolyrner material in a selectable configuration and apparatus for curing each 
layer prior to deposition of the succeeding layer. 

A disadvantage of these systems is the difficulty of printing 3-D models 
having a complex structure such as a tea cup, for example (shown in Fig. 2). 
10 in US Patent Application No: 09/259320 to the Assignees of the present 

application, and incorporated herein by reference, there is described an apparatus 
and a method for 3-D model printing. U.S. Patent Application 09/259323 
describes apparatus including a printing head having a plurality of nozzles, a 
dispenser connected to the printing head for selectively dispensing interface 
16 material in layers and curing means for optionally curing each of the layers 
deposited. The depth of each deposited layer is controllable by selectively 
adjusting the output from each of the plurality of nozzles. 
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SUMMARY OF THE INVENTION 

The present invention provides a 3-D printing system and a method for 
printing complex 3-D models by utilizing at least two printing heads which eject 
interface material. By using interface material having different hardness (or 

s modulus of elasticity) and mixing the interface material from each of the printing 
heads, the hardness of the layers of material forming the 3-D model can be 
controlled. The layers forming the construction layers of the model are formed 
from interface material having a different (harder) modulus of elasticity from the 
layere forming the release layers, thereby allowing for the forming complex 

10 shapes. 

There is thus provided, in accordance with a preferred embodiment of the 
present invention, a method for three-dimensional printing of a three-dimensional 

model. The method includes: 

dispensing a first interface material from a printing head; 
dispensing at least a second interface material from the printing head; and 
combining the first and second interface material in pre determined 
proportions to produce construction layers for forming the three-dimensional 
model. 

Furthermore, in accordance with a preferred embodiment of the present 
2 o invention, the printing head includes first and second printing heads. The first 
interface material and second interface material arc dispensed from the first and 
second printing heads, respectively. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the method further includes the step of curing the first interface material 
25 for a first period of time and at a first radiation wavelength to obtain a t.rst modulus 
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of elasticity. The method further includes the step of curing the second interface 
material for a second period of time and at a second radiation wavelength to obtain 
a second modulus of elasticity. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the step of combining includes the step of adjusting the relative 
proportions of the first and second Interface materials, the first and second 
interface materials having different modulus of elasticity. 

Fuilhermore, in accordance with a preferred embodiment of the present 
invention, the further includes the step of combining the first and second interface 
material in pre-determrned proportions to form a release layer, the release layer 
having a lower modulus of elasticity than the construction layer. The release layer 
includes a plurality of release blocks, each of the release blocks having a 
pre-determined modulus of elasticity . 

Furthermore, in accordance with a preferred embodiment of the present 
invention. 95 to 100% of the construction layer includes the first interlace material 
and 0 to 5% of the construction layer includes the second interface material. 0 to 
5% of the release layer includes the first interface material and 9G to 100% of the 
release layer includes the second interface material. 

Additionally, in accordance with a preferred embodiment of the present 
invention, the first interface material is a different color than the second interface 
material. Furthermore, the first and/or second interface material is transparent. 

There is additionally provided, in accordance with a preferred embodiment 
of the present Invention, a system for three-dimensional printing of a 
three-dimensional model, which includes at least one printing head, having a 
plurality of nozzles, at least first and second dispensers connected to the printing 
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head for dispensing at least first and second Interface materials therefrom 
respectively, and control means connected to the printing head for combining at 
the first and second interface materials in predetermined proportions to produce 
forming the three-dimensional model. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes curing means for optionally curing the layers. 
The curing means includes a first curing means for curing the first interface 
material for a first period of .time and at a first radiation wavelength to obtain a first 
modulus of elasticity; and a second curing means for curing the second interface 
material for a second period ot time and at a second radiation wavelength to obtain 
a second modulus of elasticity. 

The printing head includes first and second printing heads wherein the first 
interface material and second interface material are dispensed from the first and 

second printing heads, respectively. 

Furthermore, in accordance with a preferred embodiment ot the present 

invention, the layers comprise first construction layers and second release layers. 

The first construction layers and the second release layers have differing 

proportions of the first and the second interface materials, respectively, and 

different moduluses of elasticity. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes positioning apparatus coupled to the control 
means for selectively positioning the first and second printing heads by commands 

from the control means. 

in addition, there is provided, in accordance with a preferred embodiment 
of the present invention, a system for threedlmensional four-color printing of a 
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three-dimensional model, which includes at least one printing head, having a 
plurality of nozzles, a plurality of dispensers connected to the at least one printing 
head for dispersing a plurality ot interface materials and control moans connected 
to the at least one printing head fo. combining the plurality of interface materials in 
s predetermined proportions to produce layers having drfferent colors for forming 

the three-dimensional model. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the printmg head includes a plurality of printing heads and wherein each 
of the plurality of Interface materials are dispensed from a different one of each of 
10 the plurality of printing heads, respectively. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes curing moans for optionally curing the layers. 
The curing means includes at least first curing means for curing at least one of the 
pluralrty of interface materials for a first period of time and at a first radiation 
ib wavelength to obtain a first modulus of elasticity. The system further includes a 
dispenser for dispensing transpatent material. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the layers have different mod.iluses of elasticity. The layers are a 
photopolymer material curable by the application of any one of a group including 
20 ultra violet radiation, infra red radiation and E-bcam. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from 
the following detailed description taken in conjunction with the appended drawings 
in which: 

5 Fig. 1, is a schematic illustration of an embodiment of a 3-D printing 

system, described in US Patent Application No: 09/250,323, assigned to the 
Assignees ot the present application; 

Fig. 2 is an elevational view of an 3-D object printable by the printing 

system of Fig.3; 

10 Fig. 3 is a schematic illustration of a 3-D printing system, constructed and 

operative in accordance with a preferred embodiment of the present invention; 
Fig. 4 is an enlarged detail of the 3-D object of Fig. 2: 
Fig. 5 is flow chart illustrating the build-up of the 3-D object of Fig. 2; 
Figs 6A, 6B, 8C and 6D,am schematic elevational illustrations of examples 

is of 3-D objects constructed by the 3-D printing system of Fig. 3; 

Fig. 6E is an enlarged detail of adjacent 'release blocks': 

Fig. 7 is a schematic illustration of a printing head for use with the printing 

system of Fig. 3; and 

Fig. 8 is a schematic illustration of part of an alternative embodiment of 

20 part of a 3-D printing system. 
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List of Definitions 

The following definitions are used In this Application: 

block - any size or shape of interface material deposited by at 

least one nozzle of a printing head; 

pass a plurality of blocks deposited in a single pass of a printing 

head; 

layer - a plurality of passes by a printing head 

model layer (or component) a layer of interface materia. 

constituting the 3-D model; 

support layer (or component) - a layer of interface material for 
supporting the 3-D model layer and not constituting the 3-D model; 

release layer (or component) - a layer of interface material tor 
separating the 3-D model layer Ikon, components, such as the support 
layer, not constituting the 3-D model. 

The terms hardness and softness are used as relative term, to indicate 
,„e drfferences in modulus ofelesMy ■**» «— >*■ h "*"" 

Ca material ma, be described b, reference I. to modulus of .lasUcity. wnteh may 
D e defined as: H. ratio of st,ess to Hs corresponding strain under given 
conditions of load, for materials that deform elastlcally. accordirs to Hooka's lew". 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 
Reference b made to Fig. 1 . which b • schematic Illustration of the 3-D 
printing system. !» donated 10. described In US Patent Application No: 
09/25W23. assigned to fte Assignees ot the present appfation and incorporated 

5 herein by reference. 

Th0 3-D prMng system 10 include, a printing head 12 having . plurality 
of ink*, nozzles 14. mrough which intense material 16 ,s letted and a curing unit 
' 18 for curing the interlace material 16 to torn, the 3-D component, referenced 20. 
being desfcned. The interface material 16 b pr^rabry a photopolymer. containing 
,„ ultra violet (UV) or intra red (IR> curable materia,. For sample, materia! based on 
reactive acrylates Is suitable for UV ouring or hardening by the application of UV 
radian from curing un* 18. The 3-D component 20 is build up h layer,, me 
depth or each layer being controllable by seledrvely Quoting the output from each 

of the plurality of Ink-let nozzles 1 4. 

The W> printing system 10 further includes a dispenser 22, a process 
controller 24 and a Computer Aided Design (CAD) system 26. The process 
controller 24 is coupled to CAD system 26. curing unit 18 and printing head 12. 

The dispenser 22. which contains interface material 16. is suitabry 
connected to printing head 12. Tno 3-D component 20 b formed on a support 
» surface 26. which can be option* pos W or*d in tm Z- and Y- axes by pos«on,ng 
apparatus 30. 

Reference Is now made to Fig. 2 which is an actional view of a tea cup. 
generally referenced 50. in order to print I* M mode, using lnk H e. type prin«ng 
heads of F,g. 1. two probtems need to be overcome. FWy. since the printing 
n head 12 prinU or deposi* Werface mafcrial In horizontal fcyers. *• mod- layers 
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52 at the tea cup 60 need to be supported externally, such as under the hendlo 62 
(indicated by the stepped support 54). and secondly, an internal veld, referenced 

50. needs to be formed during printing. 

Reference Is now also made to Fig. 3, which is a schematic illustration of a 
. 3-D printing system general* designated 100. constructed and operative in 
accordance with a preferred embodiment of the present invention, for forming the 
3-D component, referenced 102. being designed. Fig. 3 is similar to Fig. 1 and 
utibes similar components. These components have been similarly designated 

and will not be described further. 
,„ The 3-D printing system 100 includes a plurality of printing heads, 

generally referenced 104 and MMu* referenced 104a, 104b. m. connected to 
corresponding interface material dispensers 106a. 106b. eic containing interface 
material, correspondingly referenced 108a. 108b, etc. 

The printing heads 104 each preferably have a plurality of inK-jet type 
, nobles 105. through which Interface material 108a. 108b is Jetted. The interface 
material 108a, 108b is preferably a photopolymer. containing ultra violet (UV) 
curable material suftable for UV curing or hardening by the application of UV 
radiation from curing unR 18. The 3-D punting system 100 fcrther includes a 
dispenser 106a, 108b, a controller 110 and a Computer Aided Design (CAD) 
20 system 26 and opttnft Posting apparatus 30. The controller 110 is coupled 
to CAD system 26, curing unit 18, positioning apparatus 30, each of the printing 
heads 104, and dispensers (106a-106d). 

The Applicants have reafeed that by combining or mixing material from at 
.east two printing heads, wherein oaoh printing head dispenses interface material 
25 having a different hardness, K is possible to adjust and control <ho hardness of the 
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materia, forming the 3-D oblec, being product. Thus, by control mixing of me 
interface materia! being output from each of the printing heads, different part* of 
the 3-0 Oblect 102 having different modulus of elastic* can be produoed uffizlng 

these printing hoads. 

s Thus, in the example of the tea cop 50 (Fig. 2). the support layers 54 may 

„e constituted from nfe Proportions similar to (or alternatively different from) the 
constructed model layer 82, such as the handle 53, since the support layer 64 Is 
separated from the model layer 52 by a rde.se layer, referent 58. which is 
genorally softer than the model layer 52. 

! he release layer 58. between the support laye, 54 and model layer 52 
can be constituted by mixing the proportions of the interface materials so that the 
mix for the release layer 58 Is soner than the constructed model layer 52. Thus, 
me support layer can be easily separated from the 34) model to leave the desired 
completed product SMariy. the interna, vo,d 56 can be formed from a softer mix 

15 than the cup wall 60. 

The terms hardness and sototess are usod as relattve terms to indicate 
the differences m modulus of elasMy between the Interface materials 108. and 
108b in me respective interface material dispensers 108a and 106b. 

Modulus of clastic*/ may be measured in mega Pascal units. For the 

» purposes of example on V and wKhout any IMtJng the present application, the 
interface material 108a preferably has a modu.us of etesMy of 1000 meg. Poeoal 
whne soner .nterfac. material 108b preferabiy has a modu.ua of Carter* of toss 
than 1 mega Pascal. As described In the aforementioned US Patent 
No; 09/269323, the 34) model Is build up in layers. The 3-D mode, tea m> 50 can 
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be formed ,n ,ayers. u«ng <wo printing heads, . wi,, now be described w,th 
referent to Hg. 4 which I. an enlarged detei. of par. of the tea cup 50 of Fig. 2. 

Tea cup CO includes a bas. 62 a, well as the generally cylindrical wall 60. 
me cordon of the cup 50 is M - * -era, layers, 

. referenced L1, L9, etc. The support teyers S4 are referenced L1a. L2s, 

ste the release component 58 of the layer are referenced Llr. L2r, etc and the 
mode, layers are Urn. L2m, etc. The .aye* shewn are not to scale and * w„, be 
appreciated that since a single jetted deposed layer Is approximately 10,. the 
U «ness of the layer, shown (L1. L2 eta) may cone* of severe, deposited layers 
10 and be formed from several passes of the printing heeds 104. 

Reference is now also made to Fkj. 5 which Mow char, totraflng the 
bl „ M -up of the 3-D object 102 usng M. Pr™ng heads 104, each of which 
preferably have a p,ura«y c nozzles 105. A file of the model to be produced . 
downloaded to the CAD system 26 (step 202) allowing the operator to v,ew the 
,s model and control the operational procedure. 

The operator selects those variables (step 204) which define the MM 
p,„duct These varices mdude the desired resoluton of me je, head, the desired 
spacing between conserve inWC lines and the number (h, of layer, to bo used 
,„ buMng up the model. The number o, stops (B trough which me printing heads 
M 104 are displaced (In the x-y axes, to print a single taycr and the number of vertical 
steps (i). in me z-axls. to print ft. mode, ore calculated. These steps are 
described in U.S. patent Application 09/269323. 

The prMng heeds 104a. 104b are posftoned atthe start position (ax,s line 
64) for me M layer L1 (step 206, and me m* formulation for me type of layer at 
2t this position determined (step 208). 
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in the example of Fig. 4, pert* 64 b . support layer (Lis) and thus, the 
mix Is formulated so as to be of suffiden. consistency for supporting the plurality of 
toyers (L2. L3. etc) above ». For example, the support layers (Us, 1 2s. etc.) may 
be constituted ,n me proportion of 60% of interface material 108a and 20% of 
. interface materia, 108b. In «* example, the model layers, such as base 62 and 
walls 64. may be conned in the proton of 90-100% of interface material 
10 8a and up to 10V. of interface materia. 108b. The release layers generally 
con* of a higher proportion of softer Interface material 106b and may be 
const-ad, <0r example, in the propotfon of 5% of interface material 108a and 
10 95% of interface materiaM 08b 

The support layer Lis Is formed by simultaneous* ejecting Interface 
notarial from bom prMng h** 104a and 104b In the defined proportions 
(stop 210). As the prin«ng heads move from teft to right the support iayer 
changes to a ^ (arrow 66). The mtx fam**" is changed . thai 

, s quired for the release ayer (U0 -(ouery box 212, and the softer refease layer is 
• deposited (repeal steps 208-212). If the type of layer is me same, the same 

mix is deposited (step 214). 

Steps 208 - 214 may be repeated several times so that the single layer 
(L1) is build up from several passes of the prin«ng heads 104a.104b (step 216). 

After completing the layer (L1), the prir*g heads 104a,104b arc moved 
b a*to me start positionfor the next fcyer(L2, and repositioned inmev.rtlcal.xis 
(64 , above the first layer (step 216). Since the thickness of a layer Is 
approximate* 10m t Is no. essence, to reposition me **, head M * *e 
mo del after every pass, and mis step may be deferred a, me discretion of mo 
25 operator. 
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The mix formulae to 1* pc*» '= ^™ n8d ' repeat ^ 208> - 
Me case, since t » a support layer, the mix is the same as in layer L1 . However, it 
win be appreciated that the mix formulation may vary from support layer to support 
layer and need not be the same each time. 

The support layer L2s is formed by simultaneously ejecting interface 
materia, from ft* P«ng hoods 104. and 104h In the determined proportions 
(slmifc, to step 210). As the prtn«ng heads move from loft to right, the support 
lay er changes to a release layer (arrow 68). The mix formu^ Is changed to 
that ^red tor,he release layer <L2r> -(similar to step 208) and 0. softer release 
„ layer ,s deposKed (similar to step 210). As .he prMny head, move from left to 
right m e release layer changes to me model layer (along curve 70). The m« 
fom ,ula«on is changed to tha, required tor the mode, layer (Urn, and ...e model 
, ay er is deposited as previously described with respect to me tower layers. 

ant the change from support (L*s> to release layer (L2r) to mode, layer 
„ M dues no. occur a, the m** point on the vertioo, ax. along .he whole 
horfconta, bog* of m U-yer (L2, In contrast to layer L1, the »pe.i«on of steps 208 
_ 218 are not «■* WenScal for ooeh of the passes making up the layer. In 
pr^ce since each pass .» approximate 10,. M change from one type of n* to 
another Is a smooth transition during each pass. 

After complex *• ^ ™*' W * " 

(64) above the first layei (repeat step 218). 

The deposit of layer L3 is sWlar to M Scribed for layer U wim me 
toeing dflerenco: As*. phntlng heads ,04a,104beon«n U e their pass, ,he,e fe 
2S a „^di 0 ona.«ns«on,fromrnodel,ayer(L3m)tore te a S e,aver(L 3 r). Inthiscase, 
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after the model layer L3m has been deposited, the mix formulation to changed to 
that required for the release lay* (L2r) (repeat step 206) and sufficient of the 
release layer (80) is deposited (repeat step 210) adjacent to the model layer (1 3m) 
so as to provide a breaK between the model layer and the release layer. 
6 After the release layer 69 has been depose, there is a further transition. 

from release layer (L3r) to a support layer (L3s). The modulus of elasticity of this 
support layer (L3s) my be s,m«ar to the mod** of elasticity of the previous* laid 
support layer or of any other layer, such as the model (13m, layer, which is harder 

than the release layer (I3r), 

Curing is preferably carried nut after the deposition of each layer. 
However, alternatively, curing may be op«on.lly deferred so that eunng occurs 
after the deposition of more than one layer. 

Reference is now made to Figs. 6A- 6U. which are schematic elevational 
iMratas of examples of 3-D models which illustrate the operation of the 
„ invention. Figs. 6A and 6B illustrate generally non- complex shapes. Fig. 6A is a 
sectional elevation of a 3-D nrodel part 70 having mode) layers 72. support layers 
74 (Shown hatched) and release layers 76 (delimited by dashed lines). Fig. 6A ha. 
a gene,* rectangular cross-section similar to a 'mortise' with a tenon'-lika 
component removed. 

20 Fig. BB is a sectional elevation of a 3-D model part 80 having model layers 

82. support layers 84 (shown hatched) and release layers 86 (delimited by dashed 
„„es). Fig. 6B is a has a general • r ooss-secfon. In both Flgo. 6A and 68. the 
release layers 76 and SB. respectively, can be easily detached form me model and 
thus they may he formed of the interface material having the same hardness or 

26 modulus of elasWy. Amatively, adjacent release blodka, such as those 
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referenced 76a and 7Gb. may be constituted from materia* having dtfferent 
modulus of elasMy, so that these retease blocks may be separated from each 
o.her. This is partcularty Important for complex shapes such as those shown in 
Figs. 6C and 6D. to which is now made. 

in a further embodiment of the present application, the release layer tor 
complex shapes includes a polity of passes, each peso comprising a plural»y of 
■release blocks', wherein each of the release block, contains Interface material of a 
different specific modulus of elasticity (or hardness). 

Fig. 8C is a sectional elevation of a 3-D model part 90 having model layers 
,„ 92. and release layers 94 (shown by dashed lines). Fig. 6D ,s a sectional elevation 
of a 3-D model part SB having model layers 07, and release layers 98. 

m contrast to the shapes of Figs 6A and 6B. the release layer 94 of Bg. 
6C IS no, easir, detached from me model 92 because of the triangular eiement. 
referenced 94a. Similar*, me release layer 98 of Fig. 6D is no. easily deto^ed 
„ fromthemodeigebecauseofthedoubtetriangularelement. referenced 98a. 

,n order to separate the release layers formed within complex shapes, the 
,e,ease layers are formed from a plural* of 'release blobs'. Thus, in the example 
of F,g. 6D. release layers 98a Is consiWed from a plural.* of adjacent bW», 
referenced B1 , 82. 83. etc. Each of the release blocks contains Interface material 
20 of a see* modulus of ele=«y (different hardness). Thus, the release layer 
deflned by the row comprising blocks BVB8 Is eonstKutod *m blocks wh.ch 
because adjacent biocks have materiel of different hardness e»ow the row to more 
easily be detached and thus released from the model. Consequently, once this 
row (B1-B7, has been detached, the row above It comprising blocks B7-B16 can 
25 similarly be detached. 
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,t will be appreciated by persons knowledge In the art that the release 
Hod. are not Md to any size or shape and that a re,..* block may M b. 
constituted form a plurality of smaller » 5 ub-block»« of different size and shape. 

,n an alternate embodiment which is illustrated by reference to Fig. 6E, 
. which is an enlarged detail of adjacent 'release blocks', a "akin release" byer 101 
is formed between adjacent 'release blocks', thereby feeiltating the release of 
accent blocks B3/B4. The "skin retease" tayer may ba formed by deposing 
interface matenal of a lower elasWty than the release layer Itsetf. while moving the 
prints head sightly »K*"aye, mat is by a width fcss than the « of the 'release 
,o block-. Forexamp,e,foraral.asehlockhavi IO awid»,ofoay50microns, a "sK,n 
release" fcycr of approbate* 10 mtons can be formed, m release- 
layer may be applied to any geometric block shape. 

„ will be appreciated that the use of blocka is not restricted to release 
blocks but support and model layers may also be constituted from a pluratoy of 
15 blocks, 

K will be appreciated that the use of two or more print heads b not limited 
b dispensing interface materia, having different modu.ua of elasticity or 
hardnesses but that the print heads may also contain interface materia, having 
different colors and/or different transparencies. 

Thus, in a further embodiment of the invention. 3-0 printing system 100 
may comprise four printing head,, each or* for dispensing a drfferen. co,or, 
allowing forfour-oolor (CMYK, printing. A further printing head may also be used 
for dispensing transparent interface material, for example. 

,„ an alternative embodiment, Instead of using two print heads, each 
26 dispensing Interface materia,, which may have a different modulus of elasticity 
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and/or other different characteristics, such as drfferen. colors, a single print head 
can be adapted so as to dispense two or more interface materials. 

Reference is now made to Fig. 7. which is a schematic illustration of a 
printing head 120. Pnnting head 120, which is similar to the printing heads 104 
(dascribed here^above with respect to Fig. 3), Includes a plu.ality of H*t type 
nozzles 122a and 122b. through which Interface material 124a and 124b. 
respectively, is jetted. That is, me printing head 120 la divide into t» groups of 
H*t nozzles. Thus, the single printing head 120 is simitar tn m> of the printing 
head 104 (Hg.3). 

,n opemtion, ink-jet nozzles 122a and 122b can be activated in 
accordance wHh predetermined control commands to dispense ether or both of 
interface materials 124a and 124b. as required, to se^ely nfe material to 
achieve a material of specific modulus of elasticity. 

in a further alternative embodiment Illustrated in Fig. 8, the hardness 
« (modulus of eWcity, of the dispensed material can bo confrolled by regulating the 
curing time of the materia, being dispensed. Fig. 8 schematically iUustra.es a 
prinSng system 130 comprising inter alia a printing head 132 and two curing unrts 
134 and 136. 

Tne printing head 1» Includes a plurality of Ink jet type nozzles, similar to 
20 those described hereinabove wKh reapoe. to Fig. 3. for dispensing Interface 
materia,. The curt* units 134 and 138 are any sultabte curing units uBMng UV 
ra «on. for «ampk, for curing, tach o, the curing unte 134 and 136 can be 
centred for emMng rad.adon of deferent waveleng**. By adiusting the 
rad ia«on wavelength and ft, the time for ouring, the cured toterface material w,n 
25 have a different modulus of elasticity. 
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Thus, in order to produce interface materials for the support release and 
construction layers. havin 9 dWeren. modulus o, e.ast,=lty. different radiation 
wavelengths are used. By using ^o a,rin 0 units, each emitting radiation o. a 
different wavelength, the hardness of the interface material is control^. Thus, 
. by selects eurinn the MM mate*,, being deposited I. Is possible to control 
^ so^ess (hardness) of the materia, and hence determine to adhesiveness of 
the material being applied to the surface. 

K will be further appredated that the present invention is not limited by 
what has been described hereinabove and that numerous modlHcation,. all of 
„ W hichfa»w«hinme 5 copeofmepres.n«inven,ion.ex«. Rahertheeeooeofthe 
invention b defined by the claims, which follow. 
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